where s = (x,y), and H is an angular function which is positive inside the data cone and zero outside. Defining t = s/z, (x y) an prfrmn th Fore
The effects of the angular range of data taking in reconstructions in planar positron cameras using the deconvolution method is investigated. It is found that in the absence of any a priori information there are undetermined components in the reconstruction if the field of view of the positron camera is limited. However, all of the undetermined components are recovered if the fact that the object extent is finite is utilized. The results obtained can be applied to other transmission and emission imaging devices.
Introducti on
In radiology and nuclear medicine imaging, information on an object is usually inferred from the radiation transmitted through or emitted from the object. Such methods of imaging medical disorders, known as transmission and emission imaging, respectively, usually involve collecting the radiation events while viewing the object in a continuous range of angle or series of discrete angles, and then reconstructing the object distribution from the data. In this paper we investigate the relationship between the angular range of the input data and the possibility of reconstructing the object distribution completely. Practical ways of implementing such ideas numerically are also given. In the following discussion we shall study the typical problem of imaging in planar positron cameras (Fig. 1) . The results obtained can be applied to other problems after simple modifications, as shown in the next section.
Theory keconstructing the object distribution p(r) from the positron camera data, which are in the form of straight lines defined by the annihilation gamma pairs, involves solving the integral equation f(r) = fp(r')#O(r -r')d3r' (1) where 40 is the space-invariant point response function of the camera, and f is the corresponding scalar field constructed from the data. Various ways of constructing the function 40 and making it space-invariant have been given in previous papers [1, 2] .
One way to solve this equation is to Fourier transform Equation (1) and solve for the Fourier components R(k) of p(r) from the equation (2) where ¢, %o are the Fourier transforms of f and fO, respecti vely.
In the case where the range of integration in Equation (1) Fig. 2 . That c0 is zero in some region in k-space means that the corresponding components of R(k) cannot be determined from Equation (2).
If we make use of the fact that the object is finite in extent, all the undeterminacy is removed. This is a consequence of the facts that (1) the Fourier transform of a finite object is an entire function, and (2) an entire function can be continued throughout the whole complex plane from a knowledge of the function on any finite continuous line segment [3] . In our work, the iterative scheme shown in Fig. 3 was employed to extend R(k) obtained from the deconvolution method beyond the deconvolution region. The spectrum R(°)(k) obtained from deconvolution was Fourier-transformed to the object space. There the values outside the known extent of the object were set to zero and then inverse-transformed to the frequency space, giving Rt) (k). The components of R(1)(k) inside the allowed cone were reset to the original values given by R(O)( ), and the cycle repeated, yielding R(n)_(k) after n iterations.
We note that this iterative scheme has been used by Gerchberg [4] and Papoulis [5] to improve the resolution of one-dimensional signals in band-limited systems. The convergence of the scheme in one dimension has been proved by both of these authors. The proof given in Gerchberg's paper made use of the properiy that a real analytic function in one-dimensional space either vanishes everywhere or only has isolated zeros. This proof can be generalized to higher dimensions by using the more general property that real analytic functions on n-dimensional space cannot vanish on an infinite set of n-1 dimensional planes through U.S. Government work not protected by U.S. copyright. the origin without vanishing identically.
In transmission imaging using parallel beams of xrays and other applications, such as electron microscopy, the measured data are in the form of projections P(r,e) of the object at certain angles e. By the projection theorem [6] , the one-dimensional Fourier transform of P(r,e) in r gives the components of the two-dimensional Fourier transform of p(x,z) on a line at angle (e + 7r/2). If the projections are taken in a limited range of angle, we will get the Fourier components of p(x,z) within a cone. The process of analytic continuation given above can therefore be applied to obtain the rest of the Fourier components of p(x,z).
Results
We demonstrated the effect of the size of the camera angle by reconstructing the isotope distribution from the data generated by the same phantom (Fig. 4) in a two-sided and a six-sided camera whose point response functions subtend viewing angles of one-third of 4rr and complete 4ir, respectively. (2) is modified R(k) = ¢ (kO (4) o (k) + e by the smoothing algorithm developed in [1] .
Besides suppressing the noise in the high frequency range, Equation (4) also has the effect of setting the values of R(k) to zero in the region of frequency space where so(k) = 0.
Figs. 5 and 6 show the reconstructions obtained, and Table I shows the optimum value of a in each of the configurations, where a is a measure of the deviation of the reconstruction from the object, given by a = | X (reconstruction(i,j,k)-phantom(i,j,k))2 ij,k The two-sided camera point response function gives a reconstruction considerably worse than that of the six-sided, as can be expected from the presence of zero components in its Fourier transform.
Next we investigated the effect of the finite extent of the object in extending the spectrum R(k) beyond the allowed cone for the first camera configuration (two detectors: 1/3 x 4fr viewing angle). Fig. 7 shows the reconstruction in the first camera configuration after 15 iterations, and Fig. 8 shows the values of a as a function of the number of iterations. It can be seen that the scheme converges at about 15 iterations, and the value of a is reduced to level much closer to, though still higher than, that obtained using the point response function with 471 viewing angle, there being a factor of three in the reduction of the difference in a. The residual difference is attributed to the propagation of errors in iterating, from such sources as statistical fluctuation, and aliasing and leakage in performing digital Fourier transform [7] .
Conclusion
We have shown that, in principle, one can reconstruct the object completely no matter how small the solid angle the imaging device subtends, provided one makes use of the finite extent of the object. However, the noise in the data poses a practical limit to the quality of the reconstruction. The errors in the reconstruction due to noise propagation become serious in the case when the solid angle of the imaging device becomes too small. Our computer simulations have shown that imaging with solid angle 4 steradian provides adequate reconstructions. Imaging with solid angles of this size occurs in applications in other fields such as electron microscopy. . ********* .
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